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ABSTRACT
Amino bisphosphonate compounds are found in a vast array of products from water
chelators to flame retardants to pharmaceuticals. Previous methods to synthesize these
compounds involved the use of protic acids, which don’t provide ideal conditions for the
starting materials containing acid labile functional groups in pharmaceutical compounds.
The present study adopts a new synthetic route in which diethyl phosphite addition to the
nitrile would be effected in the presence of a Lewis acid catalyst. This study utilized
lanthanum trifluoromethane sulfonate as the Lewis acid catalyst, facilitating the addition
of the P-H bond across the nitrile triple bond. Product purification by short path
distillation provided 90% pure product for the reaction with benzonitrile in 27% yield
(structure was confirmed by 1H and 13C NMR), although purification by column
chromatography was ineffective. Formation of the addition products in the remaining
reactions was presumed on the basis of TLC results.
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Chapter One: Introduction
1.0 General Background
Human’s greatest discovery, fire, came with the responsibility of controlling this
destructive force by utilizing flame-retardants. The primitive usage of flame-retardants
dates back to alchemy, where inorganic alum was the first flame suppressant to be used in
protecting wooden fortresses. It is presumed that the inorganic alum was a double sulfate
of iron and aluminum (AlFe(SO4)2.12 H2O) as opposed to modern alum, potassium
aluminum bisulphate (KAl(SO4)2 .12H2O). The flame resistant materials underwent
myriad modifications, alterations, improvements, and new innovations from its initial
days. The earliest flame retardant materials from the 17th century were clay (2Al2O3
.6SiO2 .3-4H2O), plaster of Paris (CaSO4 .0.5H2O), and a mixture of alum, borax (Na2O
.2B2O3 .10H2O), vitriol (unpurified iron sulfate), or copperas (FeSO4 .7H2O). Later in the
18th century, ammonium phosphate, ammonium chloride, and borax were found to be
highly effective flame-retardants for the protection of fabrics. In the mid-19th century,
research on a variety of compounds to develop flame-retardants for cellulose materials
showed that only limited compounds were effective: ammonium sulfate, sodium
ammonium phosphate, sodium tungstate, ammonium phosphate, and a combination of
ammonium phosphate and ammonium chloride. It was also discovered that materials
possessing low melting and varnishing properties and compounds that decompose on
heating into nonflammable vapors were proven most effective (2). Until the dawn of the
polymer industry in the 20th century, these inorganic compounds marked the only
developments in flame retardancy (1).
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Modern product and technological developments have led to the prevalence of polymers
in nearly all materials present in society. Throughout the growth of the polymer industry,
human concerns increased for the safe and secure production of plastic goods along with
fabric, paper, and wood. In response to these growing concerns, chemists began research
into new methods and mechanisms of flame-retardancy (1). The protection of polymer
materials became crucial and was accomplished by the addition of flame-retardants to the
materials, which are necessary in polymers to reduce combustibility and eliminate toxic
fumes and smoke during combustion. The rapidly expanding polymer industry led to the
development of various flame-retardants such as organo-halogenated, organophosphorous, nitrogen, silicon, boron containing compounds and so on (3). Halogens
such as bromine and chlorine have significant importance in polymer flame-retardancy;
they effectively decrease flammability of both synthetic and naturally occurring polymers
including cellulose, cellulose derivatives, wool, polyethylene, polypropylene,
polyurethanes, polyesters, amides and so on (4). However, despite the effectiveness of the
halogen flame-retardants, restrictions have been placed by multiple government agencies
in response to the toxicity of these materials in household applications (3). These
restrictions have led to further exploration of new flame retardant materials.
One major, modern class of flame-retardants is phosphorus-containing compounds; these
include both inorganic and organic phosphorus compounds such as red phosphorus,
ammonium pyrophosphate (APP), organic phosphates and phosphonates, organo metal
phosphonates, and so on. Flame-retardancy mechanisms, which depend on the type of
phosphorus compound, include char formation and vapor phase activity similar to
halogen flame-retardants (5). The majority of flame-retardants possessing these
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properties consist of phosphate ester compounds such as bisphosphonates,
diphosphonates, amino phosphonates, amino diphosphonates, and amino bisphosphonates
and its derivatives. These phosphonates work as powerful flame-retardants for a wider
variety of polymer compositions including poly vinyl chloride, (PVC), poly phenylene
oxide (PPO), acrylonitrile-butadiene-styrene terpolymer/polycorbonate (ABS/PC), and
polyurethanes, amongst others (5,6).
It is noteworthy to mention phosphonate's flame-retardancy, specifically amino
bisphosphonates, which are a special class of bisphosphonate compounds. This interest
arises from their ability to serve as extremely potent flame-retardants, a result of their
possessing two phosphonate groups and an amino group, which can serve as a synergic,
giving the bisphosphonates the ability to show direct retardancy, and overall
enhancement of the total efficiency to work as an ideal flame retardant. The original
interest in these compounds was flame retardancy, but further research revealed that there
exists a much broader range of uses. Present research predominantly focuses on amino
bisphosphonate's biological and industrial importance.
1.1 Applications of α- amino bisphosphonates:
1.1.1 Medical applications of α-amino bisphosphonates:
Amino bisphosphonates show remarkable activity in regulating the abnormal production
of corticosteroids and steroidal hormones as well as having the ability to clear cholesterol
from tissues. These properties are the basis of their use as antiatherogenic agents and in
the treatment of xanthomatosis, thrombosis (caused by cholesterol rich platelets),
cholesterol based cardiovascular disease, hypoglycemia, and gallstones (precipitation of
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the cholesterol in the gallbladder). They also have the ability to modify lipoprotein
profiles to increase high density cholesterol by reducing low density cholesterol (7).
The ease with which amino bisphosphonates are absorbed into bone tissue has
perpetuated their use in bone replacement therapy and the treatment of resorption and
degenerative bone diseases such as Paget's disease, osteoporosis, rheumatoid arthritis,
and degenerative arthrosis as well as several others (8, 9, 10). They have also proven
useful in the removal of excess calcifications including urolithiasis (8) and calcifications
triggered by excessive vitamin D (11). Inhibition of bone resorption has also led to the
implementation of bisphosphonates in the treatment and prevention of skeletal resorption
resulting from bone metastasis of cancer (12). Antiangiogenic characteristics also give
bisphosphonates an advantage in tumor suppression (9) that has successfully been
implemented in the treatment of cervical cancer (13). Bisphosphonates are also highly
regarded in the treatment of lipid and cholesterol related diseases such as atherosclerosis
and xanthomas as well as in the repair of lipid structures as a result of traumatic or
degenerative damage due to their function as an apolipoprotein modulator (14)(15).
1.1.2 Industrial applications
The primary use of amino bisphosphonates in industrial application is material flame
retardants. However, several other applications exist as well. Amino bisphosphonates act
as corrosion inhibitors in industrial water systems, especially when used in combination
with zinc ions (16). Farnesyl pyrophosphate synthase inhibition in plant growth as a
result of interactions of bisphosphonates with the prenyl biosynthetic pathway has given a
basis for bisphosphonates' use as an herbicide and plant growth inhibitor (17).
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Antibacterial properties have shown especially effective against gingivitis, resulting in
the inclusion of bisphosphonates as an ingredient in toothpaste (18). However, the
broadest array of industrial functions arises from amino bisphosphonates' chelating
ability. This has led to its use in water softening agents in cooling towers and large-scale
industrial facilities, as well as oil production and aqueous thinning agents (20).
1.2 Previous developments in the synthesis of amino bisphosphonates
Synthesis of amino bisphosphonates using nitriles in the presence of phosphorous
compounds has been investigated for several decades. 1-aminoalkyl-1,1-diphosphonic
acids (Figure 1) were synthesized using a nitrile with an excess of anhydrous phosphorus
acid in the presence of high boiling hydrocarbon oil at 140-1700C without using any
hydrogen halide catalysts (19). J. Chai et al. developed a procedure for this reaction
without any hydrogen chloride or hydrogen bromide catalyst, typically at around 1002000C, depending on the initial organic nitrile boiling point. These reactions are
performed with or without a solvent, although using the solvent was shown to prevent the
reaction from becoming too viscous and made the product isolation easier (20).

R=CH3, alkyl, aryl, substituted alkyl, substituted aryl, and substituted aryl alkyl
Figure 1: 1-aminoalkyl-1, 1-diphosphonic acid
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Figure 2: Reaction of nitriles with phosphorous acid

Hoover et al. also prepared 1-aminoalkyl-1, 1-diphosphonic acids by reacting a suitable
organic nitrile with a phosphorous trihalide in the presence of weak acid such as acetic
acid. The intermediate was later hydrolyzed with H2O to produce amino diphosphonic
acid. Amino bis phosphonates were also produced with an alternative route in which
organic nitriles were treated with an alcohol to achieve imino ether. This then reacted
with a phosphite and hydrolyzed to achieve the desired phosphonates (16).
L. Bentzen et al. invented a new method to synthesize the diphosphonate derivatives
shown in figure 1 through an imine intermediate. Their research also describes the
synthesis of tetra butyl-1-(p-chlorophenyl) methane-1- amino 1, 1- diphosphonic acid
through an iminium ion intermediate, in which p-chlorobenzonitrile was first treated with
dry HCl in ethanol solution to achieve ethyl imino (p-chlorobenzoate). This then was
added drop-wise to activated dibutyl phosphite (activation is performed by drop-wise
addition of dibutyl phosphite to Na lumps in an anhydrous benzene solution). The
resulting mixture was refluxed for 5 hrs to yield the desired bisphosphonate compound at
25% (15, 21).
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Figure 3: Reaction of p-chlorobenzonitrile with dibutyl phosphite
Orlovskii, Vovsi developed an acid catalyzed reaction method for the synthesis of amino
bis phosphonates and their derivatives (Figure 7, 8), which involves treatment of diethyl
phosphite with nitrile in the presence of HCl at-3 to -50 C. The reaction yields 4 products
monoethyl, diethyl, triethyl, and tetraethyl esters in different ratios, depending on the
number of equivalents of acid used for the catalysis (23).

Figure 4: Reaction of nitrile with diethylphosphite in the presence of an acid
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1.3 Hypothesis
The focus of the present study is the development of a new synthetic pathway for the
production of α-amino bisphosphonates to optimize their use in the pharmaceutical
industry. Earlier research trended towards using strong acids such as phosphorous,
phosphoric, hydrochloric, hydrobromic, and sulfuric acid to catalyze the reaction for
addition of the P-H bond to the nitrile. In the present study, diethyl phosphite, an ester of
phosphorous acid, was used in place of phosphorous acid. It is well known that nitriles
undergo addition reactions in the presence of both weak and strong nucleophiles. In this
reaction diethyl phosphite is a weaker nucleophile, so the first addition of the P-H bond
across the nitrile triple bond is a rate-limiting reaction and does not occur without prior
activation of the nitrile with an acid. On the first addition it presumably forms an imine
intermediate, which is highly reactive and immediately undergoes a second addition to
produce the desired amino bisphosphonates. This study replaces a strong protic acid with
the Lewis acid catalyst lanthanum trifluoromethane sulfonate (La triflate) to facilitate
diethyl phosphite addition to the nitrile. La triflate was preferred due to its H2O solubility,
recyclability, lack of interaction with environment, and low toxicity especially for a
large-scale industrial production (24).
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Chapter Two: Experimental Procedures
2.0 Instrumentation
Carbon 13 and proton nuclear magnetic resonance spectra (NMR) were recorded on a
JEOL 400 MHz spectrometer, and chemical shifts were reported in parts per million
(ppm) from internal standard tetra methyl silane (TMS) with the following abbreviations:
s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad, br,s = broad
singlet, dd = doublet of doublets. Infrared spectra (IR) were obtained on a Shimatzu
8400-S FTIR spectrophotometer and recorded as films between sodium chloride plates.
Band positions for IR spectra were recorded in reciprocal centimeters (cm-1) with the
following abbreviations: s = strong, m = medium, w = weak, br = broad, sh = shoulder. A
Chem. Discover scientific microwave with IR temperature control system and direct
pressure control was used for microwave experiments. JEOL AccuTOF with electrospray
and DART ionization source mass spectrometer was used to get the mass spectra and
fluorosil treated silica chromatographic sheets for TLC analysis.
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2.1 Purification of benzonitrile
Benzonitrile was pre-dried on a mild drying agent (calcium chloride) and was transferred
into a distillation apparatus containing phosphorous pentoxide. Benzonitrile was
fractionally distilled at 690C under reduced 10mm pressure. The first and last fractions
were discarded, and the remaining fractions were combined and stored over 4 A0
molecular sieves.
2.2 Purification of diethylphosphite
Diethylphosphite was transferred into a distillation apparatus containing phosphorous
pentoxide and subjected to fractional distillation at a boiling point of 600C under 2 mm
pressure. The first few fractions were discarded, and the remaining fractions were stored
over 4 Å molecular sieves.
2.3 Reactions of benzonitrile with diethylphosphite - thermal
2.3.1 Method 1
Benzonitrile (10.321g, 0.1 mol), diethylphosphite (27.620g, 0.2 mol), and lanthanum
trifluoromethane sulfonate (0.515g, 1.0 mol %) were added to a round bottom flask and
refluxed at 1700C under a nitrogen atmosphere. At the end of specific reaction times, the
orange precipitate that formed during the reaction was removed by suction filtration and
the filtrate was subjected to short path distillation on a kugelrohr apparatus. Unreacted
starting materials and product were collected and checked by thin layer chromatography
and by 1H and 13C nuclear magnetic resonance spectroscopy (NMR).
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Reactions 2.3.1.1-2.3.1.5 were run under the same conditions with a different reaction
time.
Table 1: Summary of reactions 2.3.1.1-2.3.1.5
Reaction

Reaction Time

2.3.1.1

1 hour

2.3.1.2

3 hours

2.3.1.3

5 hours

2.3.1.4

6 hours

2.3.1.5

7 hours

2.3.2 Method 2
Benzonitrile (1.0312g, 0.01 mol), diethylphosphite (2.762g, 0.02 mol), and lanthanum
trifluoromethane sulfonate (0.05g, 1.0 mol % based on benzonitrile) were added in a
round bottom flask and heated at 1000C under nitrogen atmosphere. Reaction progress
was monitored by TLC every hour and heating continued overnight. After 24 hrs the
reaction mixture was subjected to short path distillation (kugelrohr distillation), and
unreacted starting materials were collected. Unreacted starting materials were then tested
using TLC and 1H NMR.
2.3.3 Method 3
Benzonitrile (1.0312g, 0.01 mol), diethylphosphite (2.762g, 0.02 mol), and lanthanum
trifluoromethane sulfonate (0.05g, 1.0 mol %) were added in a round bottom flask and
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heated at 1400C under nitrogen atmosphere. Reaction progress was monitored by TLC
every hour, and heating was continued overnight. After 24 hrs the reaction mixture was
subjected to short path distillation (kugelrohr distillation), and unreacted starting
materials were collected. Unreacted starting materials were tested using TLC and 1H
NMR.
2.3.4 Method 4
Benzonitrile (1.0312g, 0.01 mol), diethylphosphite (2.762g, 0.02mol), and lanthanum
trifluoromethane sulfonate (0.05g, 1.0 mol %) were added in a round bottom flask and
refluxed at 1700C under nitrogen atmosphere. Reaction progress was monitored by TLC
every hour and heating was continued overnight. After 24 hrs the reaction mixture was
filtered through fluted filter paper to remove the orange precipitate that formed during the
reaction, and the filtrate was subjected to short path distillation (kugelrohr distillation).
Product and unreacted starting materials were collected. Samples collected after the
distillation were tested using TLC and 1H NMR.
2.3.5 Method 5
Lanthanum trifluoromethane sulfonate (0.05g, 1.0 mol %) was added to the benzonitrile
(1.0312g, 0.01 mol) and refluxed at 1700C under nitrogen atmosphere for 1 hour.
Diethylphosphite (2.762g, 0.02 mol) was then added slowly to the reaction mixture, and
the reflux was continued at 1700C. Reaction progress was monitored by TLC per every
hour and heating was continued for 5hrs. Afterward the reaction mixture was filtered
through a filter paper to remove the orange precipitate that formed during the reaction,
and the filtrate was subjected to short path distillation (kugelrohr distillation). Product
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and unreacted starting materials were collected. Samples collected after the distillation
were tested using TLC and 1H NMR.
2.3.6 Method 6
Lanthanum trifluoromethane sulfonate (0.05g, 1.0 mol %) was added to the
diethylphosphite (2.762g, 0.02 mol) and refluxed at 1700C under nitrogen atmosphere for
1 hour. Next, benzonitrile (1.0312g, 0.01 mol) was added slowly to the reaction mixture
and continuously refluxed and stirred at 1700C. Reaction progress was monitored by TLC
every hour, and heating was continued for 5hrs. The reaction mixture was then filtered
through a filter paper to remove the orange precipitate that formed during the reaction,
and the filtrate was subjected to short path distillation (kugelrohr distillation). Product
and unreacted starting materials were collected. Samples collected after the distillation
were tested using TLC and 1H NMR.
2.3.7 Method 7
Benzonitrile (1.0312g, 0.01 mol), diethylphosphite (2.762g, 0.02 mol), and lanthanum
trifluoromethane sulfonate (0.117g, 2.0 mol %) were added in a round bottom flask and
refluxed at 1700C under nitrogen atmosphere. Reaction progress was monitored by TLC
every hour, and heating was continued overnight. After 24 hrs the reaction mixture was
filtered through the fluted filter paper to remove the orange precipitate that formed during
the reaction, and filtrate was subjected to short path distillation (kugelrohr distillation).
Product and unreacted starting materials were collected. Samples collected after the
distillation were tested using TLC and 1H NMR.
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2.3.8 Method 8
Benzonitrile (1.0312g, 0.01 mol), diethylphosphite (2.762g, 0.02 mol), and lanthanum
trifluoromethane sulfonate (0.117g, 2.0 mol %) were added in a round bottom flask and
refluxed at 1700C under nitrogen atmosphere. Reaction progress was monitored by TLC
every hour and heating was continued overnight. After 24 hrs the reaction mixture was
washed with 3*50ml of Et2O and 3*50ml of H2O. The organic layer was dried over
Na2SO4, and evaporated to constant mass. Samples collected after the workup, both
organic and aqueous layers, were tested using TLC and 1H NMR.
2.4 Reaction of benzonitrile with diethylphosphite - microwave
2.4.1 Method 9
Benzonitrile (1.032g, 0.01 mol), diethylphosphite (2.762g, 0.02 mol), and lanthanum
trifluoromethane sulfonate (0.117g, 2 mol %) were placed in a 10ml microwave reaction
pressure tube and sealed with a cap, then irradiated under 30 min hold time while stirring.
During the reaction, increase in the pressure was observed and mass balance was
recovered. The reaction mixture was washed with 3*50ml of Et2O and 3*50ml of H2O
and brine solution. The organic layer was dried over Na2SO4, and evaporated down to
constant mass. Samples collected after the workup, both the organic and aqueous layers,
were tested using TLC and 1H NMR.
Eight runs were made (2.4.1.1-2.4.1.8) varying the irradiation time with 300W power and
a pressure preset of 300 psi to get 30 min reaction temperatures from 100 to 1700C at 10
min intervals.
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Table 2: Summary of reactions 2.4.1.1-2.4.1.8
Reaction

Temp(0C)

2.4.1.1

100

2.4.1.2

110

2.4.1.3

120

2.4.1.4

130

2.4.1.5

140

2.4.1.6

150

2.4.1.7

160

2.4.1.8

170

2.4.2 Control test 1
Lanthanum trifluoromethane sulfonate (0.05g, 1.0 mol %) was added to diethylphosphite
(2.762g, 0.02 mol) and refluxed at 1700C under nitrogen atmosphere for several hours.
During the reaction, gas evolution was observed and samples were analyzed using infra
red spectroscopy for the possibility of side reactions.
2.4.3 Control test 2
Lanthanum trifluoromethane sulfonate (0.05g, 1.0 mol %) was added to benzonitrile
(1.0312g, 0.01 mol) and refluxed at 1700C under nitrogen atmosphere for an hour. The
crude reaction mixture was sampled and tested by infra red spectroscopy.
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2.4.4 Control test 3
Benzonitrile (1.0312g, 0.01 mol) and diethylphosphite (2.762g, 0.02 mol) were added in
a round bottom flask and refluxed at 1700C under nitrogen atmosphere. Reaction progress
was monitored by TLC every several hours, and heating was continued overnight. After
24 hrs the reaction mixture was washed with 3*50ml of Et2O and 3*50ml of H2O. The
organic layer was dried over Na2SO4 and evaporated to constant mass. It was then
distilled using short path distillation, and materials recovered were tested using TLC and
1

H NMR.

2.5 Reaction of hexanenitrile and diethylphosphite
2.5.1 Method 1
Hexanenitrile (5g, 0.05 mol), diethylphosphite (14.2g, 0.1 mol), and lanthanum
trifluoromethane sulfonate (0.60g, 2.0 mol %) were added in a round bottom flask and
refluxed at 1600C under nitrogen atmosphere. Reaction progress was monitored by TLC
every hour, and heating was continued for 5 hrs. After 5 hrs, the reaction mixture was
washed with 3*50ml of Et2O and 3*50ml of H2O. The organic layer was dried over
MgSO4 and evaporated down to constant mass, and organic samples were tested using
TLC.
2.6 Reaction of benzylnitrile and diethylphosphite
2.6.1 Method 1
Benzylnitrile (1g, 8 mmol), diethylphosphite (2.35g, 17 mmol), and lanthanum
trifluoromethane sulfonate (0.10g, 2.0 mol %) were added in a round bottom flask and
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refluxed at 1700C under nitrogen atmosphere. Reaction progress was monitored by TLC
every hour, and heating was continued for 5 hrs. After 5 hrs, the reaction mixture was
washed with 3*50ml of Et2O and 3*50ml of H2O. The organic layer was dried over
Na2SO4, and evaporated down to constant mass, and organic samples were tested using
TLC.
2.7 Reaction of acetonitrile and diethylphosphite
2.7.1 Method 1
Acetonitrile (1.00g, 0.02 mol), diethylphosphite (6.72g, 0.04 mol), and lanthanum
trifluoromethane sulfonate (0.28g, 2.0 mol %) were added in a round bottom flask and
refluxed at 800C under nitrogen atmosphere. Reaction progress was monitored by TLC,
and heating was continued for 5 hrs. After 5 hrs, the reaction mixture was washed with
3*50ml of Et2O and 3*50ml of H2O. The organic layer was dried over Na2SO4, and
evaporated down to constant mass, and organic samples were tested using TLC.
2.8 Flash chromatography procedure
A 20mm diameter and 50cm long column was packed with 20g of 140-160µm silica by
using a 1:1 mixture of chloroform (CHCl3) and diethyl ether (Et2O). ½ gram of crude
product from reaction 2.3.7 was loaded onto the column and eluted with a 1:1 chloroform
(CHCl3) and diethyl ether (Et2O) mixture under nitrogen positive pressure to achieve a
steady flow rate of the solvent. Fractions were collected in 10*160mm test tubes, and
elution process was continued until all the product was off the column. All fractions were
tested on TLC plates and the appropriate fractions were combined in a round bottom flask
for rotary evaporation to achieve the product.
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2.9 TLC procedure
In order to isolate the unknown product from the crude reaction mixture, a sample from
reaction 2.3.7 was dissolved in ethyl acetate (EtOAc) and spotted on TLC plates, then
allowed to run in the 1:1 CHCl3 and Et2O solvent system. The desired product spot was
identified under a UV lamp and marked carefully to scrape the silica from the TLC plate
and extracted with acetone. This procedure was repeated several times, and the extracts
were combined to obtain the desired material by evaporating the solvent. Isolated product
was analyzed by 1H NMR.
Analytical TLC was run on 3 inch x 1 inch plates precut from larger sheets of fluorosil
treated silica gel on plastic backing. Spots were imaged by fluorescence quenching under
254nm UV irradiation. Under these conditions, diethyl phosphite did not quench the UV
fluorescence and was not visible on the plates.
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Table 3: Solvent systems for TLC analysis
Solvent

Ratio

System

(%)

Rf values of reaction mixture components
Benzonitrile (BN)

Hexanenitrile

Benzylnitrile (BZN)

Acetonitrile

with

(HN) with DEP

with DEP

(ACN) with

diethylphosphite

DEP

(DEP)

EtOAc/

10/90

BN=0.8,*P=0.65

HN=0.4,*P=0.5

BZN==0.54,*P=0.48

Hexane

ACN=0.46,

no product
formation

Hexane/

80/20

BN=0.8,*P=0.7

5/95

BN=0.8,*P=0.4

BZN==0.78,*P=0.2

(streak)

(streak)

CH2Cl2
CH3OH/
Heptane
CHCl3/

50/50

BN=0.78,*P=0.5

HN=0.4,*P=0.6

Et2O

ACN=0.68,

no product
formation

EtOAc/

30/70

BN=0.8,*P=0.7

CH2Cl2
* P=product

19

Chapter Three: Results and Discussion
3.1 Summary
Reactions 2.3.1-2.6.1 display a series of alterations in reaction conditions for the
attempted synthesis of the bis-amino phosphonate esters of the corresponding 1aminoalkyl-1, 1-diphosphonic esters. These reactions were performed as an endeavor to
catalyze the P-H bond addition across the nitrogen triple bond. Previous literature studies
(19-21) have effectively demonstrated the double addition of the P-H bond across the
nitrile triple bond in the presence of excess of phosphorous acid as a solvent and reactant.
The present study replaces the use of phosphorous acid with diethylphosphite, in an effort
to afford milder, non-acidic reaction conditions for synthesis of the 1-aminoalkyl-1,1-bisphophonic acids as esters. These non-acidic conditions, however, do not provide the
necessary activation for nitriles to undergo the reaction with a weaker nucleophile such as
diethyl phosphite, generating the need for a catalyst to activate the nitrile preceding attack
of the phosphite. In this study, activation of the nitrile with protic acid was replaced with
a Lewis acid catalyst.

Diethylphosphite exists in two tautomeric forms, a and b, which are trivalent and
pentavalent, respectively. It has been confirmed that these two structures are in
equilibrium, with the phosphoryl tautomer predominating due to the strong P=O bond.
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Diethylphosphonate (b) was found to be 27KJ/mole more stable than the phosphite
according to relative proton affinities (25). Based on the pKa value 14.6 for the tautomer
(b) proton, auto ionization of the pentavalent diethylphosphite would be expected to
achieve equilibrium with miniscule concentrations of its anion (d) as shown in Figure 5
(26). There is also a possibility that tautomer (a) ionizes to form resonance structure (C).
Nucleophilic addition of diethylphosphite to the nitrile carbon by phosphorous
nucleophile could result from either the trivalent, neutral tautomer (a) (scheme 1) as the
reactive agent or its anion (d) (scheme 2). Although the concentration of both (a) and (d)
would be relatively low, attack by (a) is the more likely reaction in proximity of a Lewis
acid. This conclusion is also supported by the addition of PX3 to nitriles (16) where the
trivalent P as X3P: is the only species which is available to add to the nitrile triple bond.
O

OH
EtO

H

P

+

EtO

OEt

OEt

OEt

H

P

(a)

(b)

O

O

P

P

OEt

OEt

(c)

(d)

Figure 5: Ionization of diethylphosphite
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OEt

+

H

Scheme 1 – Addition of neutral trivalent phosphorous tautomer
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Scheme 2 – Addition of pentavalent anionic phosphorous tautomer
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3.2 Summary of reactions

Figure 6: Generic reaction of nitrile with phosphite
3.2.1 Synthesis of compound A
3.2.1.1 Reaction 2.3.7
Reaction 2.3.7 refluxed 1.0312g (0.01mol) of benzonitrile with 2.762g (0.02mol)
diethylphosphite and 0.117g (2mol%) of La(CF3SO3)3 at 170° under nitrogen
atmosphere for 24 hours. Cooling and filtration followed by vacuum drying yielded
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0.100g of an orange solid precipitate of unknown composition and 3.810g of liquid
product. The crude liquid corresponded to an approximately quantitative recovery of the
starting mass. It was subjected to short-path vacuum distillation to give 1.03g of clear
liquid, which was identified as 1-aminobenzyl-1,1-bis (tetraethyl phosphonate) by NMR
(spectra 1 and 2, see Appendix). The isolated yield of the product was 27% and the mass
recovery was 100%.

Chemical formula: C15H27NO6P2
Molecular weight: 379.1
Figure 7: 1-aminobenzyl-1,1-bis (tetraethyl phosphonate)
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3.2.1.2 NMR data for isolated product and unreacted starting materials
Table 4: Proton NMR data for isolated product from reaction 2.3.7
Ppm

Peak type

7.28

Multiplet (5H): phenyl group

5.86

Singlet (P-H) from the
remaining diethyl phosphite

4.19

Quartet (8H, J=8Hz): from the
methylene groups attached to
the phosphonate moieties

1.34

Triplet (12H, J=7Hz): from the
4 methyl groups

Table 5: Proton NMR data for diethylphosphite isolated from reaction 2.3.7
Ppm

Peak type

5.8-7.6

Doublet: from P-H splitting (700Hz)

4.06

Quartet: from the methylene groups attached to
the phosphonate moieties

1.24

Triplet: from the 4 methyl groups
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Table 6: 13C NMR data for isolated product from reaction 2.3.7
Ppm

Carbon type

142

C: from phenyl quaternary carbon

126

2CH’s attached to phenyl quaternary carbon

126.5

CH

128

2CH

76

C

62

4 CH2

16

4 CH3

Table 7: Mass spec data for isolated product from reaction 2.3.7 (spectra 3-5, see
Appendix)
MS (m/z)

Peak

379.17 (M+)

9%

365.14

40%

183.07

100% (M-PO3Et2, OEt, NH2)

The remaining reactions 2.3.1-2.3.6 were performed in a similar manner to 2.3.7, altering
the reaction temperature and length to determine the optimum conditions.
3.2.1.3 Reaction 2.3.8
Reaction 2.3.8 refluxed 1.0312g (0.01mol) of benzonitrile with 2.762g (0.02mol)
diethylphosphite and 0.117g (2mol%) of La(CF3SO3)3 at 170° under nitrogen
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atmosphere for 24 hours. The reaction mixture was diluted with 100ml Et2O and washed
consecutively with 3*50ml H2O and 3*50ml of brine. The organic layer was dried over
Na2SO4 and evaporation yielded 3.57g of crude product. The orange solid previously
observed was seen in this run as well but disappeared on aqueous work-up. The crude
liquid corresponds to 94.2% of the starting mass. The 1H NMR for this crude product is
shown in spectra 6, see Appendix. It appears to be primarily compound A with significant
levels of unidentified impurities.
3.2.1.4 TLC data for reactions 2.3.1-2.3.8
Starting materials (benzonitrile and diethylphosphite) and reaction product TLC retention
factors (Rf) were determined in 1:1 chloroform and diethyl ether mixture as 0.78, not
visible, and 0.5 respectively. The new product spot intensities were visualized under UV
and ranked accordingly: very faint= Spot1, medium= Spot2, bright and intense= Spot3.
Table 8: Reaction progress by TLC for reactions 2.3.1 to 2.3.8
Reaction

TLC observations

2.3.1

Product spot3 appeared

2.3.2

No additional spots

2.3.3

No additional spots

2.3.4

Product spot3 appeared

2.3.5

Product spot2 appeared

2.3.6

Product spot3 appeared

2.3.7

Product spot3 appeared
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2.3.8

Product spot3 appeared

Table 9: Reaction progress by TLC 2.4.1.1-2.4.1.8 (microwave assisted)
Reaction

TLC observations

2.4.1.1

No additional spots

2.4.1.2

No additional spots

2.4.1.3

No additional spots

2.4.1.4

No additional spots

2.4.1.5

No additional spots

2.4.1.6

Product spot1 appeared

2.4.1.7

Product spot3 appeared

2.4.1.1

Product spot3 appeared

Synthesis of compound A, 1- aminobenzyl-1, 1- bis (tetraethyl phosphonate) was
attempted by altering the reaction conditions, primarily changing the reaction temperature
to facilitate the addition of a weaker nucleophile to the nitrile triple bond. Reactions
2.3.1-2.3.8 illustrate that higher reaction temperatures provide evidence of new product
on TLC, thus giving support to the initial hypothesis. Isolation of the final product using
short path distillation gave 27% yield consistently with a small amount of
diethylphosphite as an impurity. The product structure was confirmed by 1H and 13C
NMR; however, the spectra’s contain diethylphosphite peaks as a residual impurity.
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The same starting materials were tested for the reaction possibility under microwave
conditions along with the regular heating mantel. Microwave reactions 2.4.1.1-2.4.1.8
also suggested that the product formation is only possible at high temperatures. However,
the microwave reactions produced excessive pressure build up in the reaction tube, and
for safety concerns they were terminated at that point.
In contrast to the microwave reactions, performing the reaction at 1700C with a regular
heating mantel produced an orange precipitate during the reaction. It was assumed that
the orange precipitate formed as a result of the La catalyst possibly undergoing side
reactions with the starting material diethylphosphite, so further investigation on that point
was continued in subsequent reactions.
3.2.2 Summary of control reactions
3.2.2.1 Reaction 2.4.2
Reaction 2.4.2 refluxed 2.762g (0.02mol) diethylphosphite and 0.05g (1mol%) of
La(CF3SO3)3 at 170° under nitrogen atmosphere for 5 hours. The mass of the crude
reaction corresponded to an approximately quantitative recovery of the starting mass. The
orange solid was not observed in this run, and the crude reaction mixture was primarily
recovered starting material. The crude reaction mixture was analyzed by infra red
spectroscopy (spectra 7, see Appendix).
IR absorption (cm-1):
P=O stretch: 1140 (b)
P-H stretch: 2451 (m)
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3.2.2.2 Reaction 2.4.3
Reaction 2.4.3 refluxed 1.0312g (0.01mol) of benzonitrile and 0.05g (1.0 mol%) of
La(CF3SO3)3 at 170° under nitrogen atmosphere for an hour. The mass of the crude
reaction corresponded to an approximately quantitative recovery of the starting mass.
The crude reaction mixture was analyzed by infra red spectroscopy (spectra 8, see
Appendix).
IR absorption (cm-1):
Nitrile C=N Stretch: 2214.3 (m)
Phenyl group: 1430-1490(m)
3.2.2.3 Reaction 2.4.4
Reaction 2.4.4 refluxed 1.0312g (0.01mol) of benzonitrile with 2.762g (0.02mol)
diethylphosphite at 170° under nitrogen atmosphere for 24 hours. The reaction mixture
was diluted with 100ml Et2O and washed consecutively with 3*50ml H2O and 3*50ml of
brine. The organic layer was dried over Na2SO4, and evaporation yielded 3.7g of crude
product. The crude liquid corresponds to an approximately quantitative recovery of the
starting mass. It was subjected to short-path vacuum distillation to give two unreacted
starting materials in their original proportions and was confirmed by proton NMR.
2.2.4 Summary of reactions 2.4.2-2.4.4
Several controlled tests from reactions 2.4.2-2.4.4 were performed to investigate the
possibility of side reactions of lanthanum trifluoromethane sulfonate with
diethylphosphite. Extensive literature research indicated that lanthanide (III) chlorides
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undergo complex formation with diethylphosphite as [La-(Et2O)2P(O)H6Cl3], a white,
crystalline material (22).

Figure 8: Reaction of lanthanum chloride with diethylphosphite
It is possible that in the same manner lanthanum trifluoromethane sulfonate was
complexing with diethylphosphite at higher temperatures, depleting diethylphosphite and
failing to produce higher yields in spite of prolonged reaction times.
3.3 Attempted synthesis of compound B
Reaction 2.5.1 was attempted to synthesize compound B, as well as to check the
compatibility of the reaction with alternative nitriles. Previous trials suggested the
appropriate temperatures, thus reactions were set at the higher temperatures.
Reaction 2.5.1 refluxed 5g (0.05mol) of hexanenitrile with 14.2g (0.1mol)
diethylphosphite and 0.6g (2mol%) lanthanum trifluoromethane sulfonate at 160°C under
nitrogen atmosphere for 5 hours. The reaction mixture was diluted with 250ml Et2O and
washed consecutively with 3*150ml H2O and 3*150ml of brine. The organic layer was
dried over Na2SO4, and evaporation yielded 17.34g of crude product. The crude liquid
corresponds to 95% of the starting mass. The crude material was tested using TLC in 1:1
CHCl3 and Et2O solvent system. In the TLC analysis, starting material hexanenitrile and
the reaction product retention factors (Rf) were 0.45 and 0.6, respectively. Diethyl
phosphite did not quench the UV fluorescence and was not visible on the plates.
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Table 10: Reaction progress by TLC 2.5.1
Reaction

TLC observations

2.5.1 (1 hour)

No additional spots

2.5.1 (3 hour)

Product spot2 appeared

2.5.1 (5 hour)

Product spot2 appeared

Attempting the reaction with different nitriles was less successful, with evidence of
conversion of starting nitrile into a new product limited to TLC results. Due to lack of the
availability of a kugelrohr distillation apparatus, the crude reaction mixture was unable to
be separated. Attempts to purify the crude reaction mixture by column chromatography
were also unsuccessful primarily due to insufficient difference in Rf values. This lack of
purification resulted in NMR data of the crude product too complex to resolve, so
formation of the desired double-addition product could not be confirmed.
3.4 Attempted synthesis of compound C
Reaction 2.6.1 refluxed 1g (8mmol) of benzylnitrile with 2.35g (17mmol)
diethylphosphite and 0.1g (2mol%) lanthanum trifluoromethane sulfonate at 170°C under
nitrogen atmosphere for 5 hours. The reaction mixture was diluted with 100ml Et2O and
washed consecutively with 3*50ml H2O and 3*50ml of brine. The organic layer was
dried over Na2SO4 and evaporation yielded 3.09g of crude product. The crude liquid
corresponds to 98.4% of the starting mass. The crude material was tested using TLC in
10:90 EtOAc and hexane solvent system. In the TLC analysis, starting material
benzylnitrile and the reaction product retention factors (Rf) were 0.54 and 0.48,
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respectively. Diethyl phosphite did not quench the UV fluorescence and was not visible
on the plates. Due to lack of the availability of a kugelrohr distillation apparatus, the
crude reaction mixture was unable to be separated. Attempts to purify the crude reaction
mixture by column chromatography were also unsuccessful primarily due to insufficient
difference in Rf values. This lack of purification resulted in NMR data of the crude
product too complex to resolve, so formation of the desired double-addition product
could not be confirmed.
Table 11: Reaction progress by TLC 2.6.1
Reaction

TLC observations

2.6.1 (2 hour)

Product spot1 appeared

2.6.1 (5 hour)

Product spot2 appeared

3.5 Attempted synthesis of compound D
Reaction 2.7.1 refluxed 1g (0.02mol) of acetonitrile with 6.72g (0.04mol)
diethylphosphite and 0.28g (2mol%) lanthanum trifluoromethane sulfonate at 80°C under
nitrogen atmosphere for 5 hours. The reaction mixture was diluted with 100ml Et2O and
washed consecutively with 3*50ml H2O and 3*50ml of brine. The organic layer was
dried over Na2SO4, and evaporation yielded 7.34g of crude product. The recovery of the
acetonitrile was not 100% due to its solubility in water. The crude liquid corresponds to
95% of the starting mass. The crude material was tested using TLC in 10:90 EtOAc and
hexane solvent system. In the TLC analysis, starting material acetonitrile retention factor
(Rf) was 0.46, and the TLC indicated that there was no product formation.
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Diethylphosphite did not quench the UV fluorescence and was not visible on the plates.
Due to lack of the availability of a kugelrohr distillation apparatus, the crude reaction
mixture was unable to be separated. Attempts to purify the crude reaction mixture by
column chromatography were also unsuccessful primarily due to insufficient difference
in Rf values. This lack of purification resulted in NMR data of the crude product too
complex to resolve, so formation of the desired double-addition product could not be
confirmed.
Table 12: Reaction progress by TLC 2.7.1
Reaction

TLC observations

2.7.1 (3 hour)

No additional spots

2.7.1 (5 hour)

No additional spots
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Chapter four: Conclusions
The reaction of benzonitrile with diethylphosphite in the presence of a lanthanum-based
Lewis acid catalyst (lanthanum trifluoromethane sulfonate) gave formation of the
expected α-amino-bisphosphonate (compound A). The conversion of benzonitrile and
diethylphosphite to 1- aminobenzyl-1, 1- bis (tetraethyl phosphonate) gave a 27%
isolated yield, with the structure confirmed by 1H and 13C NMR and mass spec. This
reaction was carried out over only 24 hours using readily available starting materials,
under non-acidic conditions, thus offering a useful alternative to previously explored
reactions (15, 16, 21, 23). Testing the method with benzylnitrile and hexanenitrile
showed some evidence of the reaction by TLC, but definite conclusions on identity of the
products could not be drawn. The reaction with acetonitrile most likely did not form the
product due to a lower reaction temperature, which was limited by the low boiling point
(81-82oC) of acetonitrile. Product purification by column chromatography was
unsuccessful. However, short-path vacuum distillation of the crude reaction product from
benzonitrile gave sufficient purity to confirm the structure. The necessity of the
lanthanum salt catalyst to the P-H and nitrile addition reaction was demonstrated by
control tests in which the phosphite-benzonitrile combination gave only quantitative yield
of recovered starting material in the absence of the lanthanum trifluoromethane sulfonate.
Tests of benzonitrile and diethylphosphite individually with the catalyst also showed no
evidence of any significant alternative reaction.
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Appendix
NMR, IR and Mass Spectra
Spectra
1.

1

H NMR of kugelrohr distillate from reaction 2.3.7, compound A

2.

1

H NMR of isolated diethylphosphite from reaction 2.3.7

3. Mass spectra for kugelrohr distillate from reaction 2.3.7, compound A
4. Mass spectra for kugelrohr distillate from reaction 2.3.7, compound A
5. Mass spectra for kugelrohr distillate from reaction 2.3.7, compound A
6.

1

H NMR from reaction 2.3.8, compound A

7. IR spectra from control reaction 2.4.2
8. IR spectra from control reaction 2.4.3
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Spectra 1
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Spectra 2
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Spectra 3
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Spectra 4
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Spectra 5
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Spectra 6
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Spectra 7
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Spectra 8
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